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THE TYPE AND DISTRIBUTION OF PATHOLOGY IN
PULMONARY TUBERCULOSIS ASSOCIATED
WITH DIABETES MELLITUS*
VINCENT J. GRILLO
The association of diabetes mellitus and tuberculosis has been
recognized for many years. John Rollo"3, in his book on diabetes
published in 1798, gave the dinical and post-mortem records of a
case of diabetes complicated by pulmonary tuberculosis with cavity
formation. The credit for the first report of a large number of
diabetic cases with special reference to tuberculosis of the lungs
belongs to Griesinger'0 (1859), who recorded 250 cases. Bour-
chardat6, in 1875, found pulmonary tuberculosis present in 19
autopsies on diabetics. Windle"9, in 1883, reported the autopsies
of 333 diabetic patients, with mention of pulmonary conditions.
From this time on the subject has received considerable attention
from many standpoints.
Some of the most interesting discussions concerning the topic
have centered around the type and distribution of the pulmonary
pathology. Dreschfeld8 (1884-85) spoke of an acute, tuberculous
bronchopneumonia occurring in diabetes mellitus, running a more
rapid course than ordinary phthisis and being characterized by an
early and very extensive formation of cavities. Babcock2 and
Noltemius'2 likewise supported this view. West"8 (1902), in a
report of 50 autopsies performed on diabetics, recorded 21 cases of
pulmonary tuberculosis. Of these, 17 showed an acute caseous type
of pathology characterized by rapid extension with cavity formation
and little tendency to fibrosis. Montgomery11, in an excellent sum-
mary of the literature up to 1912, reviewed the records of 355
autopsies on diabetic cases, 138 of which showed pulmonary tuber-
culosis. He conduded that the tuberculosis associated with diabetes
is "more likely to take the form of a very rapid and extensive,
usually caseous, tuberculosis, with early cavity formation and with
no tendency to cicatrization." Fitz and Murphy' (1924), in a
review of 37 autopsies, 19 per cent of which showed pulmonary
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tuberculosis, supported Montgomery's report on the type and
distribution of pathology, as did also Sch6nberger"5 (1925) and
Boswell5 (1926-27).
The first of the modern studies, based on roentgenographic evi-
dence, was made by Sosman and Steidl"7 in 1927. In their study
they examined 182 consecutive cases and found pulmonary tuber-
culosis present in 45. Of these, 46 per cent, or 21 cases, had a recent
tuberculosis of a bronchopneumonic type around the hilum and deep
in the lung, "suggesting the type found in children and the unsensi-
tized person." Eighteen cases, or 40 per cent, showed healed apical
lesions and the remaining 8 cases, or 15 per cent, were of the ordi-
nary "adult" form. During the same year two German workers,
Rosenberg and Wolf"4, in another roentgenographic study, exam-
ined 40 patients, 27 of whom had an overwhelming exudative type
of disease, not particularly confined to the region of the hilum.
Curschmann7 (1928) reported that the primary process in tubercu-
losis associated with diabetes is in the subapical or hilic region, and
not in the apex. In a study of 11 cases, he found "acino-nodular"
type of pathology in 6, "cirrhotic" tuberculosis in 3, and "exudative-
cavernous" in 2. Banyai3 (1931) analyzed 31 cases, finding the
"adult" type of tuberculosis in 16, bilateral "perihilar" in 7, uni-
lateral- "perihilar" with no disease on the other side in 1, and
"perihilar" tuberculosis on one side and the "adult" type on the
other in 7. In commenting on the "perihilar" form, he emphasizes
that "the characteristic feature of such perihilar infiltration is not so
much its localization, as its bronchopneumonic structure. This
bronchopneumonic infiltration may undergo complete resolution or
fibrotization, with or without calcification. It may spread through
the bronchi, lymph, or blood-vessels, to the surrounding pulmonary
areas, or progress to caseation, softening and cavity formation."
Thus, in reviewing the available literature, it is obvious that all
writers are agreed upon the striking constancy of certain character-
istics of "diabetic tuberculosis". All reports support the high inci-
dence of an acute, exudative, extensive form, progressing rapidly to
caseation and ulceration, with little or no tendency to organization.
Some of the more recent writers, namely, Sosman and Steidl, Alli-
son1, Bernard4, and Banyai have stressed the location of the
pathology.
It is the primary intent of this paper to present the roentgeno-
graphic findings of a group of patients with tuberculosis associated
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with diabetes mellitus, with a view to determining whether or not
there is either a predominating type or a predominating distribution
of pulmonary pathology, or both. Whenever they are available,
autopsy findings will also be mentioned. In addition, in reviewing
the records of these patients, several secondary relevant factors will
be considered briefly.
The material for this study was derived from the records of
30 ward patients in the New Haven and William Wirt Winchester
Hospitals. All suffered from both pulmonary tuberculosis and
diabetes.
TYPE AND DISTRIBUTION OF PULMONARY PATHOLOGY
After careful and thorough consideration of the evidence, it has
been found that, on the basis of type and distribution of pathology,
the 30 cases can be divided into 4 groups.
Group I
Fifteen, or SO per cent of the total number of cases, revealed
either a focal or diffuse pneumonic process, with cavitation in 10
cases, and with little or no evidence of healing. Two of the 15 had
a pneumonic process involving one entire side and a parahilar process
on the other. In no case was there any evidence of a "healed"
lesion (fibrosis or calcification). Four of these cases have come to
autopsy, the post-mortem findings confirming the combined dinical
and roentgenographic impression. A summary of the findings of
cases considered in this and subsequent groups will be presented
below. The essential clinical and laboratory data and a diagram
of the roentgenogram of a typical Group I case are given here.
C.P. Hist. No. 594. W.W.W.
American. Book-keeper. 56 years old.
Admitted April 13, 1932. Diabetes dis- i'
covered 6 mos. before admission (gan-
grene). Onset of tuberculosis 8 mos. be- / I'
fore admission. No history of contact. No
history of acidosis prior to admission. Ad- I
mission urine: sugar++++ (59 gms.), / - i;
acetone, V.S.T. Sputum positive for tu- 4,
bercle bacilli. P.E. signs, consolidation of 'I,
left upper; signs of cavity left front. Arti-
ficial pneumo failed, adhesions. Patient /
died from extension to opposite lung on
Nov. 27, 1932. Autopsy No. 2753
N.H.H.YALE JOURNAL OF BIOLOGY AND MEDICINE
Group II
Ten, or 33 per cent of the total number of cases, revealed evi-
dence of an old "healed" infection (calcification) and more recent
secondary extensions. In 7 of the 10 cases the extensions were very
diffuse, pneumonic, ulcerative types of lesion with no affinity for a
particular pulmonary area. Two of these cases have come to
autopsy, and the combined clinical and roentgenographic impression
was confirmed. The essential clinical and laboratory data, and a
diagram of a typical case, are given below. The probable sequence
of lesions is designated as A, B, C, etc.
Miss M.B. Hist. No. 555. W.W.W.
American. Typist. 34 years old. Ad-
B5t C_ B mitted Nov. 7, 1931. Diabetes discovered
7 mos. before admission. Onset of tuber-
culosis 11 mos. before admission. No his-
tory of contact. History of acidosis (sweet
D ,51)breath) 5 weeks before admission. Admis-
sion urine: sugar++++, acetone++++,
diacetic+ + ++. Sputum positive for tu-
vt tJ ~ ^ bercle bacilli. P.E. signs, consolidation
throughout left and through upper half
of right lung. Signs of cavity on both
sides. Died Dec. 5, 1931. Autopsy No.
I 2493, N.H.H. \^CIFtOATlZ i
Group III
Four cases, or 13 per cent of the total, could not be classified as
pneumonic and did not present any evidence of an old "healed"
lesion. These revealed less wide-spread apical or subapical infiltra-
tion and, in one case, cavity formation and secondary extension.
None of these cases came to autopsy. The essential data and a
diagram of a typical case are given.
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J.D. Hist. No. 85,138. N.H.H. 00-' t.*
Irish. Laborer. 74 years old. Ad- ; .
mitted May 31, 1929. Diabetes discov- fR
ered 1 month before admission. Onset ))
of tuberculosis 9/2 mos. after admission. /
No history of contact. X-rays taken June
1, 1929, showed no evidence of tubercu-
losis. No acidosis. Sputum negative for c
tubercle bacilli. P.E. signs, none except a,
slight restriction of movement of right A1,V
upper chest. Discharged to Springside
Home May 22, 1930. No record of * . |h'
death. j
Group IV
One case presented fibrotic, inactive, bilateral, apical lesions of
11 years' duration and a calcified gland in one hilum. This case
did not come to autopsy. Essential data and diagrammatic roent-
genographic evidence are recorded below. The probable sequence
of lesions is designated as A, B. \V
H.K. Hist. No. 70,667. N.H.H.
American. Executive. 41 years old. t
Admitted July 3, 1928. Diabetes discov-
ered 8 mos. before admission. Onset of
tuberculosis 1I years before admission. No
history of contact. Patient hospitalized and i X i.... J
was "cured". No acidosis. Sputum, none --
on admission. P.E., no signs.
thj~ ,LCIFICATUO\&
The following tabulation summarizes the findings encountered
in the entire series of cases.
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SECONDARY FACTORS
As stated previously, several secondary, but nevertheless import-
ant and interesting factors have been considered. These pertain to
the age of the patients, nationality, social class and occupation, tuber-
culosis contact and familial tendency to tuberculosis, relationship
between the onset of diabetes and the onset of tuberculosis, presence
or absence of tubercle bacilli in the sputum, evidence of acidosis,
and physical signs.
Age of Patients
In the 30 cases herein considered, the ages ranged from 17 to
70 years. The average age was 44 years, with 16 cases, or 53 per
cent, above the average and 14, or 47 per cent, below. In the 15
Group I cases the ages were from 17 to 63, with an average of
46 years. Ten, or 67 per cent, were above the average, and 5, or
33 per cent, below. In the 10 Group II cases the ages were from
22 to 70 years, with an average of 46. Five, or 50 per cent, were
below the average, and the same number above. In the 4 cases of
Group III the ages ranged from 30 to 47 years, with an average
of 37 years. They were equally divided between those above and
those below the average. The patient in Group IV was 41 years
of age.
Nationality
Nine, or 30 per cent of the 30 patients, were Italian; 5, or
17 per cent, Irish; 5, or 17 per cent, American; 4, or 13 per qent,
Jewish; 3, or 10 per cent, German; and the remaining 4, or 13 per
cent, comprised 2 Negroes, 1 Bohemian, and 1 Pole.
Social Class and Occupation
Most of the patients in this series belonged to the lower middle
class. None of them were definitely needy. Many types of occu-
pations were represented. There was no one occupation which was
predominant. In fact, aside from housewives, no one occupation
was represented in more than 2 cases.
Tuberculosis Contact and Familial Tendency to Tuberculosis
Nine patients gave a history of known exposure to tuberculosis.
In 4 of these 9 the contact was familial. Three other patients gave
a family history of tuberculosis, but no history of known contact.
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Relationship Between the Onset of Diabetes and the Onset of
Tuberculosis
In 20 cases diabetes definitely preceded tuberculosis, the interval
between the onset of diabetes and the onset of tuberculosis varying
from 6 months to 10 years. Nine developed tuberculosis within
less than 2 years after the onset of diabetes. Ten developed tuber-
culosis more than 2 years after the onset of diabetes. In one case
the length of the interval was not recorded.
In 10 cases diabetes was discovered after the onset of tubercu-
losis. Most of these were discovered through analysis of the urine
when they were admitted for their pulmonary condition. Further-
more, in 7 cases the period of time between the onset of symptoms
of tuberculosis and the discovery of diabetes ranged from 6 weeks
to 4 months, not a very wide interval. In two cases the interval
could not be determined. In the remaining case the patient had an
old tuberculosis of ten years' standing which, at the time of the
discovery of diabetes, was inactive. Hence, in 9 of the 10 cases in
which diabetes was discovered after the onset of pulmonary tubercu-
losis, one cannot state with any degree of certainty that the diabetes
definitely followed pulmonary tuberculosis.
Presence or Absence of Tubercle Bacilli in the Sputum
Several writers have commented upon the presence of tubercle
bacilli in the sputum of this type of patient. Rosenberg and Wolf1"
stated that, with careful examination of the sputum, tubercle bacilli
can almost always be found. Curschmann7 found them very infre-
quently. Bernard4 reported that the bacillus is either absent from
the sputum or only intermittently present.
In the 30 cases under consideration, 25 gave positive sputa. Of
the S patients who did not give a positive sputum, one belongs to
Group I, one to Group II, two to Group III, and one to Group IV.
The patient of Group I had a very brief illness, succumbing to a
miliary tuberculosis within 4 weeks after the onset of symptoms of
tuberculosis. The patient in Group II had minimal infiltrations at
both apices. Of the two patients in Group III, one had a small,
fresh, unilateral subclavicular infiltration and the other a very
minimal unilateral apical lesion. The Group IV case is the
"fibrotic" case of 11 years' standing.
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Evidence of Acidosis Prior to the Onset of Tuberculosis
The writer has been particularly interested in the question of
acidosis and the possible relationship between the presence of ketone
bodies in the blood and the subsequent development of tuberculosis.
In the present series of cases, one finds that 10 of the 30 patients
gave unmistakable evidence, through the history, physical examina-
tion or laboratory examinations, of being, or having been, "acidotic".
Nine of the 10 cases had wide-spread pulmonary pathology. Six
of these fell into Group I and 3 into Group II. Of the Group II
cases there was evidence in all of them of recent, extensive, wide-
spread, secondary, pneumonic types of invasion.
Physical Signs
Shively"6 expressed the opinion that "frequent as is the associa-
tion of diabetes and tuberculosis, one or the other, in its early stages,
is not infrequently overlooked". Montgomery" reported that
physical signs of pulmonary tuberculosis were often lacking. Fitz
and Murphy' emphasized the point that pulmonary tuberculosis is
easily masked by diabetes and may be overlooked. They suggested
routine X-ray films for diabetics to exclude any pulmonary dis-
orders. The "hilum type" of cases of Sosman and Steidl'7 presented
few or no physical signs. Rosenberg and Wolf'4 reported that their
40 cases gave physical signs of pulmonary involvement. Bernard's
report4 supported Rosenberg and Wolf, while Banyai3 who, inci-
dentally, also reported many "hilum type" cases, indicated that
physical signs are absent.
In the present series, 28 of 30 patients presented physical signs
which essentially conformed with the roentgenographic findings.
Two cases did not present such signs; one of them, a Group III
case, revealed a recent, small subclavicular infiltration on roentgeno-
graphic examination. This was one of S cases in which the sputum
was negative for tubercle bacilli. The other was the arrested Group
IV case of 11 years' standing, in which diabetes developed ten
years after the onset of tuberculosis. The sputum in this case
was also negative for tubercle bacilli.
CONCLUSIONS
On the basis of the evidence which has been derived from the
study of 30 unselected cases, the following conclusions concerning
tuberculosis associated with diabetes seem justified.
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1. Pulmonary tuberculosis associated with diabetes mellitus
tends to assume either a focal or diffuse, exudative, pneumonic,
rapidly ulcerating form, with little or no tendency to organization.
2. There is no striking predilection for any one particular pul-
monary area.
The following subsidiary conclusions, although incidental, are
worthy of mention.
a. All ages are affected. No nationality appears to be immune.
Patients from the lower classes appear to be especially susceptible
to this combination of diseases. There is no outstanding predispos-
ing occupational hazard. Direct contact or familial tendency to
tuberculosis does not appear to be of striking importance.
b. When tuberculosis and diabetes are associated, the diabetes
is almost invariably the primary disease.
c. The presence of ketone bodies in the blood appears to be of
some importance in predisposing to the development of a very
rapid, extensive pulmonary lesion.
d. With careful examination tubercle bacilli can almost always
be found in the sputum. Physical signs of pulmonary involvement
are almost invariably present.
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